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*ftR* *15* IB*JB^«C21(^r 10 JO «*Onctt< 
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1992*£2jl25B 
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(72)»i9* 










T y »J 3 a =7 80920, 3 
















h . a— K 2150 






C74)ftaA 













(54) ^ 'J > r > tt7)MM 



(57) [S?#>] 

mxi* * v > r - - )v cc cfc o «3gf* tr^-W5 xn 



(5l)IntCL 5 

H 0 1 L 27/10 
G 1 1 C 11/22 
HO I L 21/31 
21/324 



(2) 

1 

IB — ©7 ~ - JU £ =1* v>'>#ffl»* "CIt ^ Xli £ . 

Sffia Jbawffi* pijs t * is £ , 
m~o)T - - Ji/ *ff ^ ii £ , 

B«iBTaiJ»«S*iiteST ^ISi . 

®HC0T ~ -)V ^rf T 9 III £ , 10 

mz±%$mm, mrsasscawtta* fflfasTSPmsicc, */ 
■5x»*ta!^*is<fc. 

mm<DT r. - *Tt 0 II £ , 
BUitr*IfI£, 

BJIB # -7 * HI SO' * *i<D Btf IB ^ > £ # h Krt ^ 

nietsia §Mts ig £ , 

mjKDT^-ji&f 5iH£*dtfC£*«F*±-r&» 
mm&j * vmmcDBisJSiti. 

ffiRS W — : inter-metal) MM 

f*Jf £rRtf£I?i£, ^^T^-;b^tf ^IfM£*M 

CCJ: Off 5 C £ *W»£-r 1 iBtScD/ja. 

5 0 "CCDjBfflrtOfflttT. 5 f*7b3£ 3 0*Wffl<C>KHl*|GD 30 

wr^tf ocitsfBiits 3 iBtg©^a 0 

©tt^ttrtT^ C £ *W« £r*»** 1 BStt<D*ffi B 

6 5 0 n cnmi 5 o -ccDfBfflrtojaa-c 1 h$ihht ^ c £ 

£1$(lfc£ r £I**3B 7 BatSO^S;., 
[|f3}?J59 ] JWK#— <5DT--JI/*: 7 5 0 *C*feS;t£ 

< 7 5 0 "CX?1 HSfflcoKtl'JPr^-^tCcfcOt-r^ C£* 

i iBtgcDr/r&o 

WS4 5 0 °C7b3g7 5 0 *C<D*BfflrtCDfaiS"Ctt 1 R#fifl<£> 
IM^T ~ - ;l/ r-ff 0 C £ £ t~£> IB* l ib«gt> 

50 
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2 

0 0 '07^4 5 0 'C^igfflrtOMjK"Cft 3 0 5>P^^*^> 
*ciB-ri«*litcatpc £*««£f 1 i?e®t<D 

>ic is* m^^o c £ £ -? ?> m^m 1 ia *& 

its 5 5 o 0 caj>?§[jfg-c^( i ir$micD«aJPT^.-^Tff ^ 

[iSScJa l 5 ] Husa^£©r^-^<oiistitc5tAz:%. 
wgB_h»*«. ^ia^gimHf*jg, &cxmsaT»«s 

*, 4 0 0 D C7 7 ?^4 5 O-CcDfGBgWOMST, *^J3 0 5> 

raj* tc wrie* jstcdtf c £ £ r ^> 

1 ?B*<D^. 

[is^jf i 6 ] m&m^<DT~-)\s*nM£ i 7~-)\' 

[f«*3B 1 7 ] BuiB«»S3r--JU*4 5 0°CJ:V)i& 

ia«to*ffi. 

WiBTWfltflicD^Br^-ii/itf^ciiWat 

0. 

T»«S«a*«5«E"T SIS £ , 
BUiBTaPSflilCCSSRfltttJB^R^^iei , 
r- -Ji/ * * '/>Si«*-clT 9 1*1 £ , 
«WBS««*ft«±tc±aB«ti«:RW*iai«:dtfC £ 

&ft$k £ r * 3 > ^ > * commute. 

Bata?ftR«*iB«:iat?/ca-c* o r suia±SB«ffi 

*ibm&fmctf^c£*^ia£ir£ s t 9 p?e m<d -ft 

So 

0, 

^<Dfgffi««CcTW«««BS*»«:^-5ia£ , 
WIBT»«flthCc«K**«H ^ It £ . 

m— <»7 >^ffl» * r It ^ Hi £ , 

H?«a9fiBIS<*JB_hte:±aBmflS*»W ^ I^M £ , 
WrSBlSB««*DBfiSr SIS £ . 
SI<D7 r. - ;U^r^f 5 IS £ , 
BuiBTffBSffi«:iiifiRTSIfI£ , 
!3H<or -;l/*tT ^ IS£ , 



3 

mm <dt ~ - ;u o is <h , 

iwf B&JRHBiiaJB 6 II t , 10 

[OO0I] 
[0 0 0 2] 

t^Vr^im. — «CC», — ii©3P.»RO r ®)3cIfi€r 20 

y v St^iXb->3-7^>^^fc (spun-o 
n) rpZT (^I/3>H^5r>BMS> J ©iBaffl*iE 

[0 0 0 3] rpzijtt, ^JUr3>^^^>Sgfe x <fcD 
l«£&R«tt<£««pr*D. Pb (Ti, Zr,,. ) O 
3 CD-l»a^tS 8 CC-CxM^t^^bx - 0 TTi 

MBlft^ (*c»»3fill«t4**^+»r**) o EK3R 

f**B (7xDxun'J^ 7 * — X : f e r r o e 
lectr icphase) (iiE^fi?S©tB (f 

-7 ^ —X : tetragonalphase) "C 

0«a*«^3i±€^Mto^f* (T^-fe^^ : a c c 
ep t o r ) M^£LT«|«-rSC<fcK:j:9, *S/P 

ZTSS^KS«W 0 50 
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— ma^r^--^xw)@BSlfflT^-^iS (RT 
A) (cJ:9?t5 0 

[0 0 0 5] L^Lfc**^ CtiecOT^-JUCD^ 
& e Cco^X^-cti. i£IIK©x*jU^ (< l k 

ev) ®*^Raw^#£«3fts. cn^<D*i-7-ti, 

(silicate)^? XJIg£*i1ltir£ <h , H 2 Xti 
[0 0 0 7 ] litL/c^^^L^C^ 

asimt* > > v *s <=fc c * i * /b i ^ tcmmm& jt t y 

[0008] 

TW«ffi±tc gi»i«*ji*aawsiai. ®~<dt^ 
- >i & * v >nmm. *p r-if ^ n <b . Miz&mmm _t 

ic t I^lg^Mt^ISi, mria Jb3B««5«: iS^fi -r 
Slli. l^lc7)T---^^T^IfI<b. StlBTSB*« 
^rHlJift-r^iai, SSH^T^-^^t-r^Ifii, 

ig^^^ni, fflraB^^^iBtc mz± : emm'&v 
wiET»«fig-3«r ^> fli^fJ^ =i > ^ ^ f as* -e-n ^fi ia 



5 

iius T * x*l t , Mwr^--;^ v% *> x*i 

[0010] L^tC, C<D§£W<Dmi&(rC^t) . ttf£0< 

inter-metal) H^WB^rR^ 
*I*Mt , SA(/)7 ;l/*-f-f ^Ifi ^jgtC^tKD;^ 
AC*. 

[0 0 1 1 ] 3 etc, C(D»W<DSIJ6tc5L1*} v W*l>< 10 

[0012] 3P)tC, t<D»UJJ<DHJtefrti!§9. »*K 
S2. WSaKSDSiar^-^ffi^rB 5 0 °Cnm.8 5 0 "CCD® 

[00 13] 3 etc. CO*IM<DJ|J6&C^O, J?*U< 

~- ji, t &*Ria«ctiT<DS£UiFT ~- ;u t (D^ii-r 

tf r }<OfA^K 20 
[0 0 14] 5 6tc. CCD^H;j<DSI5fetC^0 , Hf£U< 

~ - ;i/ t g£^# am * ^(ommm r ~ - ;u t com^- r 

[00 15] 3 6)tC, CCD^(D^5fetC^0 , Sf*0< 

[0 0 16] a 6tc, COISWtD^ifctc^*?, £T£U< 
17 5 0 "C<Di5Hrt<Dia«-r 1 RMHHf ^<D&mi<\ 30 

[0017] s etc, c<D¥m<Dmm(rc^9) s ttf*u< 

>#Ha*-C<75jSB#IWT--^<b. €**itc«t< 7 5 0 °C 

[00 18] S6tC. C(DaW<30*»frC^0. »SEL< 
B?ia»Hcr>T--JU*M*#H«tcfaWS4 5 0 °C 
M7 5 0 °C<D«H^CDMSr^ 1 H$ftfJCDmin*PT~~- 

[0 0 19] 3 etc. £<DftW<Dnmc^*) . #f$tU< 

MK»=<DT^.--->»UCDllJSfetC5tA£^, mTiEXSBH 40 
OTBB»i!SflWai^ni2TW«fli*, 4 0 0 XTiS 

4 5 0 n C<Dffimft<DUl£-C$)3 0 #lffl* V^tOB-rilf 

*HtcStf<D/j*^ 0 

[0 0 2 0 ] 3 etc. CCD^CDHifetC^O, $7£L< 

[0 0 2 1 ] 3 etc, C(D^<D^SfetC^0. 5f^L< 
4 5 0°C<D.«SHF*3CDSlSr^3 0 fufBXSflflfiB, 

ms^emmwrn. RifmfcT%mm$:*^>wm- ig 50 
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[0 0 2 2 ] 3 6tC. CO^KcDHSfcCC^O. H*L< 
t*. B5TfamjECDr^-^*»IR»H»tC*sW&5 5 0 °c 

[0023] 3 etc. c<Dmm<Dmmcm^ , w*l< 
t*, ffjia»£©r^-Ji/<D3e»tcjts:%, SufBlSPH 

wriB*»S»#H. ao*H«iaTg|5«fii 3 S:, 4 0 0°C 
7iM4 5 0"CCOj6Hl*KOSffit?. fa 3 0 5HUJ^-/>tCBB 

rx?i%j?tc$t?(D^t^ 
[0024] 3 etc. BuiBm7ACDr^-^*m»*pr^ 

[0 0 2 5 ] 3 etc. S(rBB«»jtFr^-JU*4 5 0°CX 

[0026] 3 etc. i.wr^-«i»ri7^- 

[0 0 2 7 ] *mW<D%6Sim&3i >~r>^<DBl&Jj&<<C 

_btc?ftw«(*ja*»t^-5xfi<t. T~-)i>***j>mw 

M*^f 5 II t , HufBiftR*flcJl±tC±ffl5«ffi«:i8 W 

[0028] cc^a^^jfetc^ o . jt-s 0 < Huia 
fcMrcib ot^o, fj t a±sp*ffi*» w & B? tcf f 5 © *i 

[0 0 2 9 ] ##6W(£>«»S1?M V HIK03f5SE*S© 
fifeCD^iJtc J: n« . S«OjS14««tcTSB«ffi«je *rfl2l3S 
tSII t , «TET»«ffi±Cc3iiB!K#IB*HW 511 

lB«K«f*Jli:Cc±8B«fiB*«:^ Slit , mllBX^m 

^^iij«-rsx?it. mxcDr^-^^f^xiMt, m 

IBTai5Sfl5«:iBRE-r*XSi, ^HOT^-JUSrfT^X 
fit. «fiBJiM««. SffiBSIBfmtML mflBTIf|5mS± 
tc ^ ^ » * aa tt €> X^M <b , m IB ^ ^ IB cc UIB_hSB K 

-eniBia-rsxei. »E3or--^*if 5xst, w 
ga//^^jitcHirgas*^*-r€>siJ<Dr3>^^ h^^nj^s 
tixgi, suia^^xii±^cK^ti-encoiufB^>^ 
^ hSrttc^HiaJBH^RE-rsxfit, m^&m&m 
mzmidL-r silt, m^cor ~- ~;u*=ff ^ xe t *^ 

[0 0 3 0] 4 0 0"Cfel±©iaK-Ct*iB,iitCO 

2 to- tc^w-rsor. H^r^-^thkBiLr, ^ 
y > r ^ - . tc Kt**#-^f 5 t 

Ut(J@nt( ( ^ 0 CC7^WOIIft*. BSimtttcteO, 

fflffl^X#C^O- ffl (O- species) feSfeW 
-^3na o £fc. ^'/^^^^ffiift-CRtEtttcS^fe 

~c\ *v/>«iim©o a ti«ii;*ffi»#/Bi*cr>jtift^ 



(5) 

7 

WWrT Ztc&XtC temmfrT- iC+5>& x * ;U =F*ri#S i 
£<Dlc*fU ^y>»W5 0 0t«±rt.t»[S »j»-c 

<fc^J5S^tCifi<M«IH J F* : S:f#SC<!:?&i"C#-5>. Sot, 

a> nc^r**. cnn mmmmmm^c 10 

[0 0 3 1] 

[0 0 3 3]Hllt «aS*»»*^fiS3nS^*Tt* 

P- K : flowed) 1 0 JitCfctTSMMB 1 

2«t6ntl^ 0 fiSUii^^y^^B 1 Ofc*. F-y* 
K^^>'J3>^-h9, S«8 (Si (II*) , Xtt 

GaAs (#y>^«HR) ©j:^a^b^«j*aM*) . s 

^ntCiK<iE«RJB W>*- : Inter 

connect layer) (OWi^^Ht (KM*) "4" 

y-^SW r FU>«« (S, D) feHiSSti 30 

[0 0 3 4 ] CCymM&t-Cte* CCOTtft^rV-^feJ:^ 

Ku-Y>9a«(s. d) »m«««t*^flE3nTi* 
ztitafcL&frtf^ i o i-citjaoT^sa^ cn 
[0 0 3 5] y~ hWf4r*4^u 2xi;n>«:c vd 

9 tCfct 3 ii 0 CD^8£-C F - fc"> y OCi *s pIt6*T?«> 

F-'*> h iUt©POC 1 3 CEttffc*** »; ^ : p 
hosphoryl chloride) ^AB^T, rtf 

■J V rr > y~ F * , * h 1; y y ^ y , *j J: t>* F ^ >f V 
[0 0 3 6]ft biA^^ ^ -XII 1 0 4 W* KiiPSG 50 
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(PhosplioS 1 1 i ca. te Glass) tfcU 
BPS G (Boron PhosphoSi 1 i cat 
e G I a s s ) <tT£C0#*£H> o Cti6W^KCW F — ^' 
>F^^ntC^^, PSGCDW-^tCttU > 

(P) ^fcJ:a'BP SG<0*&tc(i*"ci> (B) i$J:Zf 

*)> (P) ^gmrfe^ cn*5 Ffr*y-fi» 

6(?)^7X^ — «5CW, S i H 4 . G 2 , PH 3 , B 

0 Q°C5fcmC0MJKVTEOS hi> t^y 
5^>:Tetra EthylOrtho Sil 
a n e ) . O, . TMP ( F V J v * X7 r -f 

h : T r i Methyl Phosphite) *5 J: 
[>7MB ( h ] J^^J\^ U ^ hTn Me t h 

y l Borate)»ttlIt^ 6M101 

4M°/o(DP^&OB P SGOl^nM"? a- ( f 1 
ow) • ^77XC?)I)S<i:ltiC^ 0 CO//7^^I 
« t ^c«^/d^t , l 8 0 0-C7SM1 100 

[0 03 7]T(BlSl2lt W^-tf, X^'^^icj:^ 

[0038] mcomm^uc^si>x , Tummx. m^<o 

[0 0 3 9 ] T8l5«ffi 1 2 tJ, fflZ.lt. Q# (PI) , 
i(Au), Xi^r/f> (Mo) 2$<DM&M&hB 

(T i > JBi, 1 5 0 0t>^ hP-A (150^v 
y- FjU) ( P t ) IB J: ^JSJE^ . mm<D&m<DM 

jtfflll (^>y';U ^^:sin^le pass) 

[0 04 0 ] MCC, TS^® 1 2 *:3MM!-r htcibfc, 
mm. ^»XW-7BRR^*H«T-C5 0 0"C75 

^7 0 0 Wfl(3)*SSRr t iStPT^-Jl (yr-^ 
X7^iH ffitKUSffSBT^-;!/ (RTA) ffiCt 

>(Ti0 2 ) (T^-^>f«:«t**ttfflUfc«li&) X 
i*ffi{t^^> (T i N) Cr^-yufccsgma^X^^ 
«E#^*«Sfflb/ttl'&) OT-/^>F*M»(H3BlsRSti 

3ji*^ ^:deposite) 3 ii&^mmWt <DW<0 



(6) 

9 

[0 041 ]B2 (rCTjk-TJ: *) tc, 1*88«<*» 1 4 SrTSP 

*\ 3SBS«f*JB i 4 <b oriiW-J-sci^-ct^. 

-^"CCSStiSfcOW. Y B a j Cu, 0 7 m 

#>£ 0 L/rf>>L&#*>. 56WW*W:. W^ttf. Pb (Ti 10 

k z r,_ x ) o 3 (fiu xtemf&itzm-t) <D-mn 

^rWI^PZT <^;l/n>^£>B8$8> . XtiPLZ 
T (2yJUn>«[^5r>atta^>*>) fOF-^'F ( d 
oped) PZTr»*C<!:^f*LC^ 3»SS«(*JHI 

lC*sW£P b - T i - Z r £JB £ - dr' hO)DC (I 20 

l»3t/cPb-T i -Z r«(^b1»C05felB«?H%iSi*|gl 

XV~># ( s p i n i n «r ) £i±/cf&7~- 

[0 04 2]« 4 3Sf§fHf*Jl 1 4CC*fl/«»J©7x-- 
^*tf 9» C<D**7IOT--Jl/«, *§B*lffl7x-»;l, (R 
TA) i*X«S^r^-JUffi{CcfcO^^>*H«tf»-C 

& tc r x - ®B#ra 7 x ~ Jt-ffi ^h^t -5 

»£\ L — if, ~?A ^DRXi^^xM (r7"5X^) £ 
«JBUt7x-;u*^c<b#rs*6o JSB*Htx~-;i, 

[0 043] SBSwr--^ffi«c*siir(i, ^>^x^ 
^xwn^sS*. (DHJlS^Xtt^W 40 

6 5 0°C7bM8 5 0 *C<DlBfflrtCDiB*-Cft5#7!iM3 0 

^raf-r^ct^wiHr*. pzTcoaimffl (^-y^p 

'JX^-7^> ^^i—X: mi cr o c rys 
tal 1 i n e p h a s e ) SSRWfttt&S-T 

l>. Hit, 5*-!/>#ffllRrt<0*aB#|fflTx-'^ (RT 50 
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T^-JUcftC^*>n-5Jfi (Pb) ^CD^^r^iHtcM^ 

[0044] ccDflHn^r-.-^ni. #-or--;n 

*m c >7fc*s«s hi r x - n>&x wwsuift x - jua tc & *j 
rarx-^u-sffRSDiSBirx-^, *i/>»SDSiHrx- 

*?* L/i^^es6witc*3Cir«, 5f-^>«iB*iaTx- 
•/ > sps ra r x - ;kd i >-r na*** * to $ 1 1 . 

[0 04 5 ] ^tc, [113 tC^U/cJ: ^ cc, pfljLtfeSE-T' 

sm i 4±tc±»«* i 6 *^j3et*. ±»«s i 6 

JS£-*--5>C i^t?*S„ ±S|S«fl6 1 6t* % iRl 50 0^> 

[0046] mc, ±Mmm i 6 ±cc , m—<ov * v u 

(Hp a a^) (^ ; ;oa^7;M a^^> : CC 1 

^^ivf>?x«^>5'j>^ Journal 

[0 04 7] ^CC, ^07---;k fiP^SJBtt ( 1 

2, 14, i 6 ) *<*<7?r--;i/*if 9 0 corx-ju 

^ 0 ^UEIffgcMi^ Bl*»Ha*"C, 6 5 0-07^^ 
7 5 O'CcoffifflrtOASiBarc 1 B#W, «a<FTx-;t/ 

SSJa"C4 5»fffl(D=!i-*y>3®B$lfflTx-jK?!>«. 7 5 0 

TrasiJBEr in»iB«a«prt"eHi*rx-ju^T^rfeJ: 

c\ H^c. c©»norx-;i/tc{tS:^, 4 5 0 o CJ:0 

Hi ^Mt X 3 0 ^ffl^- \/> CC^Bfi-T C 



[oo4 8] %mntti 4*^'£->jf?j«ip^iii 
[oo4 9i^tc rasas i 2 (om^mmr ^tasb io 

[0 0 5 0]^, m=<DT^-)l>%:if*> 0 C(DT^- 
MZ. iifi^T^^1^5 5 0 TWi&Src 1 BSRflCD 
1^7^--^^, 4 0 0 5 0 °C<D$u 

fflrt<D*-5Si8T*3 o^ifflca>«jH**5|-:/>K:fflu/t 20 

[0 0 5 1] #ctc. H7CC^-TJ:!>CC, 8^ 

ii»nJ«Br *£„ Wx.^, 6 0 0 °CW±r»IRi T E O 
S (^-JU HBf r ^x^JU : T etra-Ethyl 
-Ortho-Si 1 icate) 4ffll^cCVDft, 
3 8 0 D C«_brRt^ (O, ) £^>-^> (SiH,) 
^l^CVDS, 3 9 0"CrK3R<bTEOS4fflC^c 30 
PECVD (^^Xv • x>^>* hCVD) XW 
3 9 0 °Cr t T E O S ^^/ciC V DffiiC J: 

ttti. &CVDCCJ:£3j"/> (0 3 ) 

<t, ^n^it£< PECVDtci;£TEOS/MfR 

0 0 0t>^ hP-A (5 0 — h^U) "C^j 

40 

[0 0 5 2] ^CC, .taSSfiil 6^©I 1 0^>^^ h 
JK2 0*. x**>ycc£9^3«-£ B *?*L<W\ » 

vx^^^t, 1 8 *IIOr^^Xvj- 

^0»2CD=J>^^ hS£2 2*, 1 8 ^ 

IIL-CMt^„ 2~?(D:3>££ MS2 0. 22lt 

[0 0 5 3] ^E3<DT--;l'«:tf 0. Sm3<DT^ 
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*>£<b^r£6 0 ariaor^-^f*. s«8^con>^ 

^h3S2 4*. ^f^^JB 1 8 iflftLii^^XH 1 0* 

[0 0 5 4] SigtC^L/cJiOtC, ^7^118 

_k£ 5? ^h^(2 0, 22, 24) fate, WiL«^ 
*y>^K:<fc 0* ^niQIRII (X«tHS 
Ktt^BUJBifct^. ) 2 6*RW. KtfM 2 6 t* » 

Ti N (iKb?-^) BiglB<t. m«S i * 
llf%WL/cAI (TiK^^A) ^C?)A1 - S i 

&mm<t*yLr:ffii&TZ> 0 Ai-si^utt 
irrjgjasn/cTffliJoT i NWiSB <^vyji) -Be* 

a^T^-^CC. A 1 — S i ^JRiiffliKtfrBIWffi 
t^tEEffififc (-Y>#-^-/ 7 : inter 

diffusing) -ra^lWCMfc**^^ T i N 

y - -c*o , a i - s i &m<Dm$ fri, 5 0 0 0 

(SOO^^-r-JU) 7SM8 0 0 0 

t>^ha-A ( 8 o o i ~ ss - V )V) 
[0 0 5 5 ] ;^CC, U^<D^mc J;*? , ^IHici3taJB2 6 

0/t^»ieJlSJB2 6 08B5>€rx^ =P>^l^cf&, ^4^ 

£f# c ^" 5? - ^ > ^3 n/c^j»iejKB 2 

[0056] ^cc, ^-^/^aafxtsM^BBM^r, m 

(s, 4 5 o"c<fc9{fii>sjarc3 o^ra/c^^js-rsci 

[0 0 5 7 ] sXlt, m I 1 CC^L/cJ: 5*C % ^B^bL/c 
^JWBIffl ( >^-^ : intermetal)gf 
Sf*»2 8*»CtS„ ^JB»B»«f*»2 8 ti, Mx. 

SiH 4 (^tyt^y» J&VNz 0 (— »fbZl^ 
3R) cd^Xv • x>/n>X hfb^a?» (PECVDi 
itfy}) /Xf> • • ( SOG) /PECVD 

^fb«5^:^SR:mfe/c4><D, Sims. PECVDl^fbf 
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